Amylases are among the most important enzymes used in modern biotechnology particularly in the process involving starch hydrolysis. Fungal amylase has large applications in food and pharmaceutical industries.
INTRODUCTION
Amylases are one of the most important industrial enzymes that have a wide variety of applications ranging from conversion of starch to sugar syrups, to the production of cyclodextrins for the pharmaceutical industry. Fungal amylases have been widely used for the industrial production due to advantages such as cost effectiveness, consistency, less time and space required for production and ease of process modification and optimization (6) . These enzymes account for about 30% of the world's enzyme production (40) . Amylases are starch degrading enzymes that catalyze the hydrolysis of internal glycosidic bonds in polysaccharides with the retention of anomeric configuration in the products. Most of the amylases are metalloenzymes, which require calcium ions (Ca 2+ ) for their activity, structural integrity and stability (5) .
Amongst starch degrading enzymes are endo-amylases, exoamylases, debranching enzymes and glycosyltransferases (21) .
The enzymatic hydrolysis is preferred to acid hydrolysis in starch processing industry due to specificity of the reaction, stability of the generated products, lower energy requirements and elimination of neutralization steps (36 Alpinia calcarata. This led us to explore the amylolytic potential of the endophytic fungi isolated from this plant.
The aim of the present study was to screen the different endophytic fungi for amylase production isolated from A.
calcarata and study the capability of hydrolyzing a wide range of cheap and easily available starch source as substrates. 
MATERIALS AND METHODS

Sources of endophytic fungi
Isolation & identification of the endophytic fungi
The endophytic fungal strains were isolated from the using standard manuals (3, 15, 38) .
Taxonomic identification of the fungus
The colonies were effuse, grey or olivaceous measuring Amylase production by Cylindrocephalum 
Optimization of culture conditions for amylase production
The procedure adopted for optimization of various 
Determination of fungal biomass
The biomass of fungal culture was expressed as dry weight by drying the mycelium in hot air oven at 80 º C for 16h.
Enzyme assay
The culture broth was filtered using Whatman filter paper
No.1, the filtrate was centrifuged at 2795 g for 10 minutes at 4 o C and the supernatant was used for enzyme assay. Amylase activity was determined at room temperature in a reaction mixture containing 1mL of 1mol L -1 sodium acetate buffer (pH 6.0), 0.5 mL 1% starch (w/v) and 0.5 mL of the crude enzyme extract (20) . After 20 minutes of incubation, the liberated maltose was estimated by dinitrosalicylic acid (DNS) method (27) . One unit of amylase activity (U) is defined as the amount of enzyme releasing one µmol of reducing sugar mL -1 min -1 , with maltose as standard under the assay conditions mentioned above. The denatured culture filtrate served as control.
Statistical analysis
Analysis of Variance was conducted by ONE-WAY
ANOVA test using SPSS 16.0 from MICROSOFT WINDOWS and the means of the triplicates were compared by Duncan's multiple range test (13) at the 0.05 level of significance. Amylase production by Cylindrocephalum
RESULTS AND DISCUSSION
Screening of endophytic fungi for amylase production on solid media
Out of thirty endophytic isolates screened for the amylolytic activity on solid media, eleven of them showed positive results. Among these the isolate (Ac-7)
Cylindrocephalum sp., which showed maximum zone of clearance, was selected for the optimization of amylase activity in liquid media. Mean results are represented in Fig. 1 . 
Effect of incubation temperature on amylase activity
The amylase activity and the biomass were nil at lower (15 º C) and higher incubation (45 º C) temperature (results not shown). The optimum incubation temperature for amylase production was found to be at 30 º C (Fig. 2. ) and biomass also correlated with the results. The influence of temperature on amylase production is related to the growth of the organism.
Hence, the optimum temperature for enzyme production depends on whether the culture is mesophilic or thermophilic.
Among fungi, most of the amylase production studies have been done with mesophiles within the temperature range of 25- 
Effect of pH of the culture media on amylase activity
The pH is one of the important factors that determine the growth and morphology of microorganisms as they are sensitive to the concentration of hydrogen ions present in the medium. The pH is known to affect the secretion of α-amylase and its stability (18) . The optimum pH for amylase production was 7.0 ( Fig.3.) , which is similar to the findings of Patel et al., niger were found to give significant yields of α-amylase between pH 5.0-6.0. (9, 12, 19) . 
Effect of different carbon sources on amylase production
The fungus was able to grow on all the tested carbon sources.
There were significant differences in the yield of the biomass and amylase production. Among the various substrates screened for amylase production, maltose gave the highest enzyme activity followed by starch. The order of usability of substrate was maltose > starch > wheat bran powder > corn flour > cassava flour > rice bran powder (Fig.4.) . There was high increase in biomass yield in case of wheat bran powder and rice bran powder, but the enzyme activity was low in contrast to the findings of Ellaiah et al., (14) where amylase activity was maximum in Aspergillus spp. This indicates that the nature and amount of carbon source in culture media is important for the biomass growth and production of extracellular amylase.
Among chemical parameters, carbon source of the growth medium plays a very important role in inducing enzyme secretion.
Amylase is generally induced in the presence of carbon sources such as starch and its hydrolytic products. Similarly, such findings were reported by Kathiresan and Manivannan (20) as maltose as best carbon source to enhance the amylase activity in P.
fellutanum. Compared to defined carbon sources, the biomass yield was higher in undefined carbon sources similar to the findings of Oliveira et al., (30) 
Effect of various nitrogen sources on amylase production
Nitrogen sources have been reported to have an inducing effect on the production of various enzymes including α-amylase in SSF system (1, 33, 34 However, in our studies, there was no significant increase in enzyme yield in the case of the supplementation with either inorganic or organic nitrogen sources (Fig.5.) . A marginal increase in amylase activity was noted with the addition of Sodium nitrate.
A minimum activity was observed when Ammonium nitrate was used as nitrogen source. There was no significant difference in amylase activity with peptone, tryptone and beef extract indicating that any of these sources can be alternatively used. Amylase production by Cylindrocephalum 
CONCLUSION
In the present study, an attempt has been made to offer an endophytic fungus as source of enzymes for industrial requirements. The growth parameter of Cylindrocepahalum sp.
for the maximum amylase production has been standardized, which can effectively be used in large scale production.
Though, the cheaper agricultural byproducts are feasible for the production of amylase enzyme, but are not significant to the maltose when used as substrate. However, more detailed investigation is required to characterize this enzyme, which may be used in the large-scale production for commercial purpose in future.
